dose, the timed-release dose maintains the caffeine levels in the body over time through a further release of the drug. This technology improves its bioavailability and enhances ergogenic and thermogenic actions [9] .
The controlled release dosage forms have at least one component capable of releasing caffeine over time, which is sufficient to maintain plasma concentration over time, while the initially released drug is metabolised [10] . These dosage forms might be monolithic or multi-particulate systems. In monolithic systems, the functional release unit is single (tablet or capsule) and the dose is not divided. The multi-particulate pharmaceutical forms contain the drug, which is divided into several functional release subunits, such as granules, pellets or mini-tablets. Multi-particulate systems offer the technological benefit of enabling varied dosages with the same formulation. In addition, it provides biopharmaceutical advantages such as the combination of immediate and controlled release formulations in a single unit, the uniform absorption of caffeine, and a reduced risk of dose dumping. These dosage forms generally have an attractive look and draw the attention of the consumer [11] .
In this context, it is necessary to use analytical tools that can quantify caffeine in pharmaceutical formulations, considering the new technologies developed for food supplements. Currently there have been a few studies conducted to quantify caffeine in complex matrices, such as time-release pharmaceutical products. Herein, the analysed dosage forms were comprised of monolithic, such as oily capsules, or multiparticulate systems. The samples of multi-particulate pharmaceutical forms contained caffeine in different functional release subunits, as liquid oil and pellets, in a single unit. Thus, the aim was to develop a method of extraction of caffeine in these dosage forms and quantify them using liquid chromatography reversedphase diode array detection (HPLC-RP-DAD). An official titrimetric assay for caffeine determination in bulk form was applied for comparison.
MATERIALS AND METHODS
Liquid chromatographic separations were carried out on a Knauer (Berlin, Germany) HPLC system, which consisted of a Smartline Pump 1000 coupled to a Smartline Manager 5000, and a multi-channel UV spectrophotometer detector based on diode array technology (Smartline UV Detector 2600) equipped with ChomGate (Knauer) software (Version 3.3.1). The chromatographic runs were conducted at room temperature (21±2°) using a reverse-phase C18 column (4.6×250 mm, 5 μm; Thermo Scientific, Boston, MA, USA) with an Acclaim 120 C18 guard cartridge. Non-aqueous titration: pH meter digital Metrohm® 827 pHlab (Suisse) using glass combinate electrode non-aqueous basic-acid titrimetric (solvotrode).
Reference standards of p-octopamine, p-synephrine, tyramine, hordenine and caffeine were purchased from Sigma-Aldrich (Berlin, Germany). All standards were of analytical grade, with at least 98 % purity, and were used without further purification. Sibutramine was pharmaceutical grade and obtained with a certificate of analysis. Acetonitrile (ACN) and orthophosphoric acid (85 %, w/v) were HPLC grade from Merck, Darmstadt, Germany). Dimethyl sulfoxide (DMSO), methanol and dimethylformamide were analytical grade from Merck (Darmstadt, Germany). Ultra-pure water (Milli-Q Plus, Millipore, Massachusetts, USA) was used to prepare the mobile phase and the solutions. Perchloric acid with 78 % purity was purchased from Vetec (Rio, Brazil). Acetic acid, anhydrous acetic and toluene were purchased from Synth (São Paulo, Brazil).
Phosphoric acid 0.1 % was prepared by transferring 1.180 μl of 85 % (w/v) phosphoric acid in a 1000 ml volumetric flask, dissolved in a suitable amount of the Milli-Q water. The eluent was filtered with a cellulose acetate membrane 0.45 μm. A stock solution of caffeine (0.5 g/l) was prepared in methanol, and working solutions were obtained by dilutions of the stock solution with a mobile phase consisting of 0.1 % phosphoric acid and ACN.
Perchloric acid (0.1 M) for non-aqueous titration was prepared as described in the British Pharmacopoeia [12] . Gradually, 8.5 ml of perchloric acid was mixed with 900 ml of glacial acetic acid with continuous stirring. After, 20 ml acetic anhydride was added, the volume was made up to 1000 ml in the volumetric flask using glacial acetic acid and left to stand for 24 h before use.
Caffeine-based supplements were purchased through Brazilian websites. The description of the samples, formulations and dosage form in the food supplements are shown in Table 1 . Caffeine extraction efficiency was evaluated through standard recovery tests. The extraction efficiency was investigated with different solvents such as DMSO, dimethylformamide, ACN and water; as well as solvent mixtures in different proportions (20 to 100 %). The use of ultrasound and the extraction time was also evaluated.
The samples containing pellets were crushed, dissolved in water (40 ml) and sonicated for 10 min. The solution was filtered with qualitative filter paper. The filtrate was transferred to a 50 ml volumetric flask and the volume was completed with a mobile phase. The content of the oily capsules was carefully transferred to a 50 ml volumetric flask and the volume was completing with a mobile phase. All extracts were diluted 1000fold in a mobile phase and filtered through a 0.45 μm cellulose acetate membrane before injection in to the chromatographic system. All samples were analysed by HPLC-DAD in triplicate.
Non-aqueous titration:
The content of the capsules was carefully transferred to a 150 ml glass beaker. The samples containing pellets in their formulation were crushed and homogenised. After addition of 5 ml of acetic anhydride R, the samples were heated to 50° until complete dilution. After cooling, 10 ml of acetic anhydride R and 20 ml of toluene R were added and the titration was performed.
Chromatographic conditions:
Chromatographic runs were conducted at room temperature (21±2°) on a C18 column (Thermo Scientific) (4.6×250.0 mm), particle size 5.0 μm. The mobile phase composition of 0.1 % phosphoric acid:ACN (70:30 v/v), pH 2.0±0.1 adjusted with orthophosphoric acid. The mobile phase was filtered using 0.45 μm membrane filters and degassed by ultrasonic vibrations for 30 min prior to use. The flow rate was 0.8 ml/min and the injection volume was 20 μl. The re-equilibration period of 5 min was used between individual runs. Before the daily chromatographic experiments, the C18 column was conditioned with the mobile phase for 1 h. The detection was performed at 220 nm. Samples were titrated with 0.1 M perchloric acid, determining the end-point potentiometrically. One millilitre of 0.1 M perchloric acid is equivalent to 19.42 mg of caffeine (C 8 H 10 N 4 O 2 ) [12] .
Validation parameters:
The HPLC-DAD method was validated according to the following parameters: linearity, specificity, limit of detection (LOD) and limit of quantification (LOQ), precision and accuracy [13, 14] . The linear range for caffeine was evaluated by injection of six concentration levels and three different days. The calibration curve was performed in a concentration level, which was prepared from the stock solution within the linear range obtained for the caffeine and described in Table 2 . The sensitivity was calculated using the LOD and LOQ following Eqn., LOD = 3.3×Sa/b and LOQ = 10×Sa/b, were Sa is the intercept standard deviation (SD) and b is the slope. SD was obtained by seven measurements of the background noise. The precision of the method was determined by the assay repeatability (intraday precision) and intermediate precision (inter-day precision) and the results expressed as relative standard deviation (RSD) of a series of measurements. To evaluate the precision (repeatability test), six triplicates were analysed from the same sample feed supplement containing caffeine at a concentration corresponding to 5.88 mg/l where 3.88 mg/l of caffeine was already contained in the capsule analysed and 2.0 mg/l was added to reach their concentration. The data for the intermediate precision were collected on different days (n=3). The accuracy was evaluated as the percentage of recovery obtained from analysing samples spiked with known amounts of reference substance at a fixed concentration level. Accuracy was expressed by the recovery results obtained in triplicate for the following concentration levels for caffeine reference substance, 5.0, 10.0 and 15.0 mg/l. The % recovery was calculated using the formula proposed by AOAC [13] . Sibutramine, caffeine, p-octopamine, p-synephrine, tyramine and hordenine were tested as interfering in the method specificity test. These bulk raw materials were treated in the same way as the samples.
The non-aqueous titration was validated by determination of the operational characteristics' precision and accuracy [13] . The precision of the method was determined by intra-day precision and inter-day precision and the results were expressed as RSD of a series of measurements. To evaluate the precision, 6 triplicates were analysed from the same sample, on the same day and under the same experimental conditions and the intermediate precision were collected on different days (n=3). Accuracy was expressed by the recovery results obtained in triplicate for the following concentration levels for caffeine reference substance, 50, 75 and 100 mg/l. The % recovery was calculated using the formula proposed by AOAC [13] .
RESULTS AND DISCUSSION
The reported methods for determining caffeine apply liquid-liquid extraction, solid phase extraction, supercritical fluid extraction, ultrasound, microwave and solvents for caffeine extraction [5, [14] [15] [16] [17] . However, there is still no official method of extraction and quantification of caffeine in oily matrices or time- 
TABLE 1: COMMERCIAL FOOD SUPPLEMENTS ANALYSED USING HPLC-DAD METHOD AND ANHYDROUS VOLUMETRY
Commercial dosage forms, type and composition along with the label claim of caffeine content were analyzed using HPLC-DAD method and anhydrous volumetry. 1 n=3; 2 n=12; na= not analyzed release dosage forms. Therefore, this study aimed to propose a simple, economical and rapid extraction method for quantification of caffeine present in these pharmaceutical forms. It was investigated with different solvents such as DMSO, dimethylformamide, ACN and water; as well solvent mixtures in different proportions (20 to 100 %). The extraction efficiency was evaluated through standard recovery tests.
The mixture of 60 % DMSO in methanol showed a good dissolution of caffeine in the samples. However, the percentage of caffeine recovery was not adequate, varying from 38.09 to 66.0 %. Due to the polarity of caffeine and its solubility in water (21.6 g/l at 25°) [18] , this solvent was tested. The extraction efficiency of the water ranged from 95.2 to 104.7 %, and they were within the established value for dietary supplements between 80 and 120 % [13] . The extraction time was also evaluated from 5 to 30 min. The sonication during 10 min was the appropriate time for extraction of the samples.
A HPLC-DAD method was performed for a successful separation, identification and quantification of caffeine in oily capsules and in time-release pharmaceutical products. The retention time observed for caffeine was 4.5 min. The external calibration curves were constructed with standard caffeine using six levels of increments in triplicate. The method showed good linearity (r 2 >0.9993) in the range of concentrations studied (1.0-20.0 µg/ml). The analysis of variance (ANOVA) showed a significant linear regression and no deviation from linearity (p<0.05). The sensitivity of the chromatographic system employed was assessed by determining the limits of detection and quantification.
The results were 0.01 and 0.03 μg/ml, respectively, these were considered as low and demonstrated a good sensitivity for the method.
The interferents, sibutramine, caffeine, p-octopamine, p-synephrine, tyramine and hordenine did not affect the caffeine determination by the proposed HPLC-DAD method, since they presented distinct retention times ( fig. 1) . The method specificity can be also ensured by the purity of the chromatographic peak, through the absorption spectrum that is generated for each compound from the diode arrangement detector.
The repeatability and intermediate precision were estimated by variation coefficients expressed by the RSD of the results obtained in triplicate for a fixed concentration level of 5.88 μg/ml. It was observed in all tests that the method, in addition to presenting consistent results within the limits established by current legislation, also showed low variation coefficients, indicating a high level of precision of the method. The accuracy was calculated as the percentage of recovery by known added amounts of caffeine (1.0, 5.0 and 15.0 µg/ml) in the capsule solution.
Each solution was prepared in triplicate. The results were acceptable because they were in the range of 96.2 to 98.1 %, indicating that this assay was accurate. The low percentage of RSD obtained for all samples analysed and added standard indicate good accuracy and repeatability. The results obtained are presented in Table 2 and fig. 2 shows the chromatogram obtained by the proposed HPLC-DAD method for sample 'F' spiked with caffeine standard (10 ppm).
The caffeine-containing products selected in this study have a time-release technological differential. The six samples were oily capsules or hard capsules containing two phases (oily liquid plus time-release pellets). Pictures of the analysed dosage forms are shown in fig. 3 .
Samples A, B, C and D analysed in this work were multi-particulate systems containing caffeine carried in hard gelatine capsules. The caffeine was present in two functional release subunits, a liquid oil and pellets. The caffeine from the oily phase is immediately absorbed after ingestion of the capsule. The pellets with caffeine allow at least about 20 to 50 % by weight of the stimulant from the composition within about 2 h after administration, and releasing the balance of the stimulant within about 8 to 10 h after administration [19] . The oily liquid phase is generally composed of fixed oils, such as medium chain triglycerides and oils from soybean, sesame and safflower. Such ingredients were labelled as described in Table 1 .
The formulation E is an emulsified system and product F is a suspension in the form of soft gelatine capsules. The excipients used in these dosage forms are oily liquids, gelling agents and emulsifiers ( Table 1) . Unlike time-release technology, the caffeine present in these products is absorbed immediately into the body. Samples E and F presented content, which did not correspond to the value declared on the label. Other authors also found caffeine contents not recommended: 27 to 113 % [20] ; 0 to 226 % [21] ; and about 70 % of value declared [22] .
Caffeine can be estimated by using non-aqueous methods. The use of simple reagents with minimum sample preparation allows the method to be used for routine analysis and quality control assays of caffeine in pharmaceutical forms. Nevertheless, there is no official method for caffeine determination in oily capsules and for time-release dosage forms. Therefore, the official titrimetric assay for caffeine determination in bulk form recommended by the British Pharmacopoeia [12] was applied. Accuracy, intra-day and inter-day precision were evaluated. The RSD values of intra and inter-day precision obtained in triplicate were all below 2.3. The accuracy results ranged from 95.6 to 100.2 %. The statistical analysis (ANOVA) of the results obtained from volumetric and chromatographic methods didn't present a significant difference (p<0.05; Table 1 ).
The volumetric method presented interferences from the matrix, once the end-point cannot be determined in the sample D. A large amount of ingredients, excipients, vegetable materials and dyes in its composition can be the probable reason. However, it was not specifically determined which of the ingredients interfered in the quantification of caffeine by the method.
The proposed HPLC-DAD method allowed for caffeine determination in products with a timerelease technological differential. A simple extraction method of caffeine using water as a solvent coupled to sonication was effective for determination. The results obtained in linearity, specificity, LOD, LOQ, accuracy and precision were suitable. The proposed method permits a fast and sensitive way to distinguish caffeine from sibutramine, caffeine, p-octopamine, p-synephrine, tyramine and hordenine. The available analytical method, simple and economical, can contribute to the quality and regulatory control of these dietary supplements. Development (CNPq). 
